INTRODUCTION
Climate is closely associated with health. Climate change affects the social and environmental determinants of health -clean air, sanitation, drinking water, sufficient food and secure shelter. It is expected that in near future climate change can cause approximately 250000 additional deaths per year, from malnutrition, malaria, diarrhoea and heat stress. Climate change can also lead to natural disaster and variable rainfall patterns like flood/deluge. This can heighten the risk of water-borne diseases and create breeding grounds for disease carrying insects such as mosquitoes. 1 The climate change along with many other non-environmental factors does play a role in the changing incidence of vector borne diseases.
Dengue is a vector borne disease whose incidence has grown dramatically around the world. It has become a major international public health concern. Dengue is endemic in more than 100 countries and causes some 50 to 100 million new infections. The WHO regions Southeast Asia and Western Pacific are the most seriously affected. The epidemiology of dengue in India was first reported in Madras in 1780, and the first outbreak occurred in Calcutta in 1963, and then on outbreaks has been reported from different parts of India. 2 The risk of dengue in India is increasing due to rapid urbanization, lifestyle changes and deficient water management leading to proliferation of mosquito breeding sites. The disease has been showing an increasing trend. Dengue is currently a notifiable disease in India.
with other communicable diseases that are prevalent in the 149 tropical and subtropical countries. Although it is belongs to the neglected tropical disease group no infection commands such a vast domain as the dengue virus. The enormous territory occupied by this Flavivirus is due the resourcefulness of its principal vector, the Ades ageypti. 6 It is transmitted by an infected female mosquito. This vector is highly sensitive to environmental conditions. Temperature, precipitation and humidity are critical to survival, reproduction and development; it can also influence the mosquito presence and abundance. 7 The mosquito breeds mostly in man-made containers/artificial collection of water, it is a day time feeder; with peak biting periods early morning and in the evening before dusk. 8 Dengue disease presents itself a highly complex pathophysiological, economical and ecological problem. Research needs to be carried to understand all of these aspects; various studies have been/are being carried out to understand these areas in relation to the morbidity and mortality patterns of the disease. This study addresses the problem of dengue by taking into consideration the climate variability. The high burden of dengue illness (dengue fever and severe dengue which is one of the leading causes of mortality in paediatric age group) and the vector density, being closely associated with climate makes it important to have understanding of this area of the dengue illness. Hence this study has been designed with the aim to analyse the seasonal trends of dengue cases and identify the factors responsible for the trend.
METHODS

Study type: Observational study
Study design: Retrospective study 
Case definition for inclusion of record
Dengue case was defined as a case of fever with ELISA Dengue NS1 positive or Dengue Ig M positive.
Data source
Data of dengue cases reporting to tertiary care hospital for the duration 2011-2015 was obtained with due permission from the HOD of Department of Community Medicine who also heads the IDSP unit. The climatic data of the city of Mumbai (coordinates were taken aslatitude 19.11, longitude 72.85) for the same duration was used (data was available on public domain).
The data thus obtained that is A) climatic data and B)data of dengue cases were used to analyse the trend and factors responsible for increase or decrease in the number of cases of dengue.
Data analysis
Data obtained was entered in Microsoft Excel and analysed using SPSS version 22.0. The time series analysis was performed for analyze the trend and identify forecasting model. Statistical tests like mean, median and correlation were used where ever appropriate.
RESULTS
A total of 2324 cases of Dengue were included in the study. An epidemiological mapping of the cases was done for better understanding of the determinants of Dengue cases reporting to the tertiary care hospital. The age group maximally affected by the disease was 21-30 years, nearly 33% of the total cases belonged to this age group, this was followed by 25% of the cases belonging to the age group 11-20 years ( Figure 1 ). Of the total cases admitted during the study period 58.4% were men and 41.6% were women, in all the years the number of men affected was slightly more than that of women. In the age group 21-30 years, of the total cases admitted 60% were men and 40% were women (Figure 2  and 3) .
A clear increase in the number of cases being reported over the years was observed on time series analysis, with an obvious seasonal trend, maximum cases between June and October (Figure 4 ). On comparison of cases with mean monthly rainfall and total days it rained, it was noted that cases begin to get reported as the rainy season begins and rise after the end of continued rainfall. A strong correlation was observed between mean monthly rainfall, total number of days of rainfall and total number of cases reported ( Figure 5 and Table 1 ). Cases were plotted on the map of Mumbai, maximum case reporting to the hospital were from Mumbai city proper (wards A, B, C, D, E, F/S, F/N, G/S, G/N) ( Figure  6 ). With the available data of dengue cases and climatic data from 2011 to 2015 a forecast was prepared for the year 2016, the model used was ARIMA (0,0,1) (0,1,0). The forecast showed that there will be an increase in the case after June with peak in August, September and fall in cases in October (Figure 7 ).
The number of cases predicted by the model was further compared with the actual number of cases that were reported in the year 2016 ( Table 2 ). The cases that were predicted by the model were comparable to the actual number of cases though a slight difference was seen.
DISCUSSION
The problem of dengue has been the one where many solutions have been found but none have helped in controlling the problem to the fullest. This study is a retrospective study carried out on the data available for dengue between 2011 and 2015; a total of 2324 records of dengue illness were included in the study. From the study we can understand, the incidence of cases and the climate seems to be closely related to each other. A seasonal trend is observed in the reporting of dengue cases, the rainfall pattern has a definite influence on the number of cases. Climatic conditions are strongly associated with the disease.
The age group wise distribution of cases reveals that cases are most prevalent in the age group 20-30 years which is in accordance with the study conducted by Gupta E, Dar L, Kapoor G, Broor S and a study conducted by Murhekar M et al which also says the median age of Dengue positive patients was 25 years (IQR 16-36). 9, 10 It can be understood that the disease affects those in the economically productive age group. A deeper introspection into the economic losses that occur to the nation, family and individual due to this illness is required. The male female difference in infection rates have been discussed in various studies most of them revealing findings similar to our study, wherein men are more affected than women, a review article on topic by Gupta, Srivastav, Amita, Umesh also reveals similar findings and study by Murhekar et al also states the same where the Dengue positivity is significantly higher among males. 5 The probable reason that we can give to explain this phenomenon is that most men are engaged in out-door activities during the day. Further prospective studies can be considered where environmental history of the residence and occupation to understand the male female difference in dengue positivity. Also geographical mapping of dengue cases reported as per their details place of occupation, and correlating it with the residential address might help in pin pointing the actual location where the cases are being bitten by the mosquito/ breeding site of mosquitoes. This aspect was not touched upon in this study as this was a retrospective study and such data was not available. In the past three decades there has been development of geographical information system (GIS) and use of satellites has made it possible to monitor weather, climate, environmental and anthropogenic factors that influence the reduction or reemergence of vector borne diseases, likewise the use of spot maps, a basic epidemiological tool, can be used as an organisations' very own miniature GIS.
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In a study conducted by Choi et al, where the climatic factors were compared with dengue incidence it was observed that cases were significantly associated with mean temperature and monthly cumulative rainfall which is quite in accordance with our study where number of days of rainfall and mean monthly rainfall correlated with the number of dengue cases whereas temperature did not correlate with number of dengue cases. 12 Other climatic variables like humidity and rainfall (in mm) were also studied for correlation but, in our study no statistically significant association was found. The climate data obtained should further be associated with the entomological indices as is being done in studies already this will add on to the understanding of the increase in incidence of cases during certain time of the year. 13 The climate is not under our control but few of factors that lead to changes in the climate are definitely under our control. The measures that are being put forward for the control of the effects of climate change are to be taken seriously and implemented in daily life else the morbidity and mortality due to ill effects of climate change on health will definitely keep on rising.
ARIMA (auto regressive integrated moving average) model was used for the forecasting of Dengue cases. This was chosen based on the pattern of Dengue cases, seasonal component was also considered, similar model has been used by a study conducted. The forecasting will help in being prepared for the year ahead, in terms of logistics required, man power needed for patient care, bed requirement in hospitals etc. A close inter-sectoral coordination with the Meteorology Department will also help in being prepared not just dengue but also for various other Monsoon related illnesses.
This study was conducted in a hospital setting hence was limited only to the cases that were admitted, the cases treated on the out-patient basis and those not reporting to hospital under study were not included, inclusion of these cases can help in better understanding of the epidemiological determinants of dengue.
CONCLUSION
The trend in the reporting of dengue cases shows an increasing trend, with slight male female difference, the proportion being higher among men. A clear seasonal distribution of cases is also seen. The climate change has a definite influence on the incidence on the vector borne diseases like dengue. Employing statistical methods like time series analysis and forecasting will help in better understanding of the trend and being prepared for the year ahead.
